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(54) [TITLE OF THE I VNENTION] 

Antireflective filter for display elements [Hyoji soshiyo hanshaboshi filter] 

(57) [ABSTRACT] 
[SUBJECTS] 

To offer a filter for display elements showing not only such performance as difficult attachment of dirt 
such as dirt form hands or fur, attachment of said dirt remaining inconspicuous in addition to possible 
easy removal of said dirt, or difficult occurrence of scratches due to good sliding property of a surface, but 
also durability against wear. 7 

[SOLUTION MEASURES] 

' To offer a filter for display elements showing antireflection property that is prepared by coating a coating 
composition that includes alkoxy silane compound having perfluoro polyether group shown with general 
formula of RfCORpRj-Si (OR 3 ) 3 (in the formula, R, shows perfluoro polyet|^r L ttoiipi .^nd Rj generallv 
shows atoms or atom group such as O, NH, or S and the like; and R 2 shows attyftrW OrMfarill R 3 l $&$V 
alkyl group) on a surface of antireflective film of a surface layer film that is mainly comprised of silicon 
dioxide and is arranged on a glass substrate, and by heating to dry at at most 100°C. 
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[CLAIMS] 
[CLAIM ITEM 1] 

A filter for display elements showing antireflection property has characteristics as such a top surface of 
either a single layer or multiple layers of antireflective film that is formed on a glass substrate is covered 
with alkoxy silane compound having perfluoro polyether group shown with general formula 1 below. 

(General formula 1) 

R f COR r R 2 -Si(OR 3 ) 3 

(In above formula, R^ shows perfluoro polyether group. R, generally shows atoms or atom group such as 
O, NH, or S and the like. R 2 shows alkylene chain. R 3 shows alkyl group.) 

[CLAIM ITEM 2] 

The filter for display elements showing antireflection property according to the claim item 1, wherein 
after coating alkoxy silane compound having perfluoro polyether group shown in general formula I, it is 
dried at temperature of at most 1 00° C to over. 

[CLAIM ITEM 3] 

The filter for display elements showing antireflection property according to the claim item 1 or claim item 
2, wherein an utmost top surface of antireflective film of either single layer or multiple layers formed on a 
glass substrate is mainly composed of silicon dioxide. 

[DETAILED EXPLANATION OF THE INVENTION] 
[0001] 

[Technical fields of this invention] 

This invention relates to a filter for display elements showing antireflection property that is excellent in 
stain resistance, scratch resistance, or fabrication resistance and the like; and in addition, it is used as front 
panels for CRT application. 

[0002] 
[Prior art] 

When objects are viewed through a transparent material, reflected lights may be often strong and may 
result in troublesome viewing a reflected image clearly; and for instance, in the case of spectacle lens, 
reflected image that is referred to as ghost or flare and the like occurs to provide unpleasant feeling to ones' 
eyes. In addition, in the case of looking glass and the like, problem of not distinct content due to lights 
which are reflected on a glass surface is known to occur. 

[0003] 

And therefore, a method of covering and forming a substance showing varied refractive index from that 
of a base material on a substrate through a vacuum vapor deposition and the like has been generally 
employed in order to prevent this reflection. In this case, selection of thickness of a substance that is used 
to cover said base material has been known as an important factor in order to attain the highest level of 
antireflectiorreffect. For instance, in the case of a single layer cover, it has been known to provide a 
minimum reflective index, that is to say, utmost large transmissivity when optical film thickness of a 
substance showing lower refractive index than that of base material is selected to subject to X A or its odd 
number multiplication of light wavelength. 
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[0004] 

At this time, optical film thickness is given with a sum of refractive index of cover film forming material 
and said cover film. In addition, it is possible to form plural number of layers of antireflection layer; and 
several proposals have been made on the selection of film thickness in such case (make reference to 
"Optical Technologies Contact" Vol. 9, No. 8, pp 17 (1971)). On the one hand, according to the Japanese 
Patent Applications Kokai Sho 58[1983]-46301 publication, Kokai Sho 59[1984]-49501 publication, and 
Kokai Sho 59[1984]-50401 publication, a method to form a antireflective film formed of plural number of 
layers that satisfies said conditions of optical film thickness through use of a liquid-form composition is 
described. In recent years, optical goods with antireflection property using glass as a substrate to utilize 
beneficial points of measuring safety or easy handling and the like has been proposed and implemented for 
practical use. Many of said goods employ film component having silicon dioxide as a surface layer film. 

[0005] 

[Subjects solved by this invention] 

As for the antireflective film formed through a vapor deposition method, its cover film forming material 
is mainly of inorganic oxides or inorganic halides; and the antireflective film that includes said inorganic 
substances in the case of glass substrate has been known for a substantially hard surface hardening property 
while on the other hand, it has been known for a defects such as conspicuous soils caused by dirt of hands, 
finger prints, perspiration, hear liquid, or hair spray and the like in addition to difficult removal of said 
stains. In addition, a problem point of scratches becoming enlarged due to poor sliding of said surface has 
been pointed out. Furthermore, a problem point of spread of adhered rain drops or splashed water that is 
due to a large wettability with water causing distorted view of object over a wide area in the case of 
spectacle lens has been also pointed out. 

[0006] 

In addition, according to the antireflective film described in the Japanese Patent Applications Kokai Sho 
58[1983]-46301 publication, Kokai Sho 49[1984]-49501 publication, and Kokai Sho 59[1984]-50401, 
although it is necessary to include at least 30 weight % of inorganic substance represented with silica fine 
particles in a top surface layer film in order to provide a high surface hardness, it leaves a problem point 
that antireflective film given from said film composition shows a poor surface sliding property resulting in 
easy scratch occurrence duetfo wear caused by cloth and the like. 

[0007] 

* Although various surface treatment agents have been proposed and commercialized with purpose of 
modifying these problem points, all become dissolved with water or various solvents; and while they may 
provide said functions temporarily, they show no lasting property with poor durability. In addition, the 
Japanese Patent Application Kokai Hei 3[1991]-266801 reports forming of fluorine group resin layer in 
order to provide a water repellent property. However, although water repellent property may surely 
increases by these fluorine group resin, satisfactory results against friction or wear have not been produced. 

[0008] 

In addition, although a surface treatment by perfluoro polyether compound was found to improve above- 
explained friction and wear, or stain resistant property, in other words, surface treatment by this compound 
was found to surely very effective, said effects are known to show a significant reduction in chemical 
stability due to , for instance, a solvent treatment and the like. In other words, this is considered to be 
related to an interaction with Si0 2 on a surface. 
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[0009] 

[Measured used to solve the subjects] 

After conducting vigorous studies to solve above-explained problem points, these inventors arrived at this 
invention that is explained below. That is to say, this invention consists of constitution explained below. It 
is intended to solve problems of wear resistance or soil resistance of a filter for display elements that shows 
antireflective property by first coating a surface layer that is either* a single layer or multiple layers of 
antireflective film that is mainly composed of silicon dioxide and is arranged on a glass substrate with 
alkoxy silane compound having perfluoro polyether group shown with general formula of R f COR r R 2 -Si 
(OR 3 ) 3 (in this formula, R, shows perfluoro polyether group; and R, shows atoms or atom group of O, NH, 
or S and the like; and R 2 shows alkylene chain showing no particular restrictions on number of carbon 
atoms and the like; and R 3 shows alkyl group showing no particular restrictions on number of carbon 
atoms and the like), and then, by heating and drying this to cover. 

[0010] 

That is to say, alkoxy silane compound having perfluoro polyether group shown in above-explained 
general formula 1 includes alkoxy silano group within a molecular structure to provide an interaction with 
Si0 2 surface, and sol-gelling reaction occurs on the surface by heating to form a firm bonding; and 
therefore, it conquers problems such as solvent resistance which have been regarded as unsatisfactory in 
general. In addition, this compound provides water repellent property to improve water stain resistance 
through inclusion of fluorine compound within molecules. In this case, although use of silano group 
having perfluoro alkyl group may be also considered, wear resistant or friction characteristics remain 
unsatisfactory. And therefore, wear resistance or friction characteristics issues may be solved through use 
of alkoxy silano compound having perfluoro polyether group showing excellent tribology characteristics 
within molecular structure. 

[0011] 

[Implementation format of this invention] 

According to this invention's single layer or multiple layers of antireflective film formed on a substrate, 
its surface layer film is mainly composed of silicon dioxide, and various combinations may be used. In 
particular, the constitution of film substance that forms a bottom layer of said surface layer film should be 
determined through experiments in accordance with required performance, for instance, heat resistance, 
antireflection property, color of reflected light, durability, or surface hardness and the like. 

t00 12] 

In addition, as for the cover film forming methods of these various inorganic substance including silicon 
dioxide which form said antireflective film, various PVD methods (Physical Vapor Deposition methods) 
represented with vacuum vapor deposition method, ion plating method, or sputtering method and the like 
may be mentioned. As for the inorganic substance suited for this PVD method, besides Si0 2 , inorganic 
oxides such as A1 2 0 3 , Zr0 2 , Ti0 2 , TaA, SiO, Hf0 2 , ZnO, In 2 0 3 /Sn0 2 , TiO, Ti 2 0 3 , Y 2 0 3 , Sb 2 0 3 , MgO, or 
Ce0 2 and the like is desirable. 

[0013] 

In addition, it is preferable when most outer surface layer film of antireflective film formed by above- 
explained PVD methods is mainly of silicon dioxide. When it happens to be of other than silicon dioxide, 
it is not only possible to attain a sufficient surface hardness, but also improvement on stain resistance and 
scratch resistance property which are the purpose of this invention, or in addition a prominent durability on 
these performance does not appear. However, as this invention relates to the material that covers 
antireflective layer, it should not be limited to silicon dioxide in particular, as said vapor deposition 
material. 
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[0014] 

Then, film thickness of surface layer film should be determined in each case in accordance with required 
performance other than reflection prevention effect; and in particular, it is preferable when selection is 
made showing V* or that odd number multiplication of light wavelength subjecting optical film thickness 
of the surface layer film for purpose of displaying antireflection effect at the maximum level from the 
standpoint of providing minimum reflective index, that is to say, maximum transmissivity. 

[0015] 

On the one hand, no particular restrictions are placed on the bottom layer part of said surface layer film. 
That is to say, although it is possible to cover and form surface layer film directly on a substrate, it is 
effective to cover substrate with more than one layer of cover film showing higher refractive index than 
that of surface layer film in order to further allow antireflection effect to become more prominent. Several 
proposals on selection of film thickness and refractive index of antireflective film of these plural layers 
have been also made (make reference to "Optical Technology Contact" Vol. 9, No. 8, pp 17, (1971)). 

[0016] 

This invention coats alkoxy silane compound having perfluoro polyether group showing lubricating 
action on a surface of either single layer or multiple layers of antireflective layer of which surface layer 
film is substantially composed of silicon dioxide, and applies a drying treatment to cover. In addition, 
although molecular weight of such perfluoro polyether compound is not particularly restricted, the ones 
showing 500 - 10,000, or more preferably, 500 - 2000 number average molecular weight may be used 
from the standpoint of stability and easy handling. 

[0017] 

Following ones may be mentioned as repeat unit structure in this invention's perfluoro polyether group; 
however, it should not be limited to this. 

F(CF 2 CF 2 CF 2 0) n 
[Chemical formula 1] 

CF» 

CFi (OCFCFi) - (OCFi) i 

# i 

CF. | 
F (CFCFiO) > 

[Chemical formula 2] 



(At this time, l,m,n,k, p,and q in above explained chemical formulas of perfluoro polyether show integer of 
at least 1.) 

[0018] 

In addition, as for the film thickness of cover film composed of alkoxy silane compound having perfluoro 
polyether group, although it is not particularly restricted, 0.5 nm to 50 nm is desirable from the standpoint 
of balance between antireflection property and static contact angle to water, and relationship with surface 
hardness. 
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[0019] 

When coating alkoxy silane compound having perfluoro polyether group according to this invention, it is 
preferable when surface of to-be coated antireflective layer is cleaned; and during such cleaning, removal 
of soil with surfactants, degreasing with organic solvent, or vapor rinse with Freon and the like may be 
applied. In addition, it is also an effective measure to apply various pretreatment with puipose of 
improving close adhesion and durability as well; and particularly preferred methods include activated gas 
treatment or chemical treatment with acid or alkali. 

[0020] 

Then, as for the coating method, methods which are generally used during coating work may be applied; 
and spin coating, dip coating, or curtain flow coating and the like may be favorably used from the 
standpoint uniformity of antireflection effect, and in addition, control over reflection interference colors. 
In addition, a method to impregnate liquid in material such as paper or cloth to flow coat may be favorably 
used from the standpoint of workability. 

[0021] 

These organic containing curable substances are generally diluted with volatile solvents, and are coated. 
Although no particular restrictions are placed on the solvents which may be used, it should be determined 
by considering stability of composition, wettability to silicon dioxide film, or volatility and the like during 
application. 

[0022] 

In addition, use of acid base as a catalyst during adjustment of alkoxy silano compound having perfluoro 
polyether group used in this invention is generally known; and during such time, when addition of carbonyl 
compound such as acetyl acetone is made, its reactivity is further enhanced. 

[0023] 

As for the glass substrate in this invention, the ones referred to as soda glass, lead glass, hard glass, quartz 
glass, or liquid crystallized glass and the like may be mentioned (make reference to "Kagaku Benran 
[Handbook of Chemistry] basic edition, P. I -537, edited by The Chemical Society of Japan); and silicate 
glass including strontium (St) or barium (Ba) may be favorably used as CRT; and although non-alkaline 
glass is preferably used in liquid crystal display device, this invention is not limited to these. 

[0024] 

{EXAMPLES] 

Following examples are mentioned in order to make characteristics of this invention clear; however, this 
invention should not be restricted with these examples: In addition, number of parts shown in the 
examples indicate parts by weight. 

EXAMPLES 1- 10 

(1) Preparation of antireflective film: 

On a panel surface of cathode plug tube, ITO (tin oxide doped indium oxide Indium Tin Oxide) with 
130 nm thickness was first vapor deposited, and then, Si0 2 was vapor deposited over this at 80 nm 
thickness to form an antireflective film. 
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[0025] 

(2) Adjustment of coating composition including alkoxy silane compound having perfluoro polyether 
group: 

To 0.4 part of each alkoxy silane compound having perfluoro polyether group described in the Table 1 as 
lubricant I - lubricant 10, 380 parts of hexane and 20 parts of alcohol were added and mixed respectively 
to form uniform solution; and then, they were filtered with a membranfc filter to give coating compositions. 



[Table 1] 
1: lubricant 
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* Ph shows C 6 H 4 ; and Bz shows CHjCjUCHj. 
[0026] 

(3) Coating and drying 

On a surface of antireflective film given in said (1), coating solution adjusted in (2) was dip coated at 5 
cm/min pull up speed; and then, it was dried at 70° C to cover to give optical goods showing antireflection 
property. 

[0027] 

(4) Evaluation of performance 

Performance of thus given optical goods were tested on evaluation items from (a) through (e)shown 
below. Test results are shown in the Table 2. Furthermore, the terms "before" and "after" shown in the 
Table indicate rest results prior to ethanol rinse and after rinse as solvent resistant tests. 

[0028] 

(a) Stain resistance test 

5 ml tap water was placed on a filter surface, and after leaving undisturbed for 48 hours at room 
temperature atmosphere, it was wiped with a cloth to observe residual state of fur. When far was removed, 
it was judged as "good", and when it could not be removed, it was judged as "bad". 

[0029] 

(b) Surface sliding property 

Evaluation on level of scars after scratching a surface with a mechanical pencil under 300 g load. Method 
of judgment is shown below. 

* absolutely no scar attachment; A fine scars; x severe scars 
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[0030] 

© Wear resistance test 

Preventive [note: although original document states the term preventive, may be a misprint of 
antireflective, translator's note] film surface was rubbed with steel wool #0000 under 200 load to confirm 
scratch attachment. 

o absolutely no scar attachment; A fine scars ; x significant scars 
[0031] 

(d) Difficulty of attachment of dirt of hands 

Difficulty of attachment of dirt of hands was visually observed and evaluated. 

* even with attachment, it is not conspicuous; A attachment that can be easily removed; x conspicuous after 
attachment state 

[0032] 

(e) Contact angle 

Measuring contact angle of water and methylene iodide serves guideline for residual rate of lubrication 
film, or soiling property of water or oil. In addition, value before and after rinse with ethanol on the 
surface was measured with purpose of studying resistance stability against solvent. 

[Table 2] 

1: example, 2: lubricant, 3: stain resistance, 4:, surface sliding property, 5: wear resistance test, 6- difficult 
attachment of dirt of hands, 7: contact angle (deg.), 8: before, 9: after, 10: prior to ethanol rinse, 1 1- after 
ethanol rinse, 12: good 
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[0033] 

EXAMPLES 11-15 

Coating composition described in the example 6 was used in the same manner as explained in the 
example 6 but conducting drying after coating at temperature range of 30 - 150°C. Test results are shown 
in the Table 3. Furthermore, stain resistance and surface sliding property of this time all showed good 
results similarly to those of wear resistance test and difficult attachment of dirt of hands; and therefore, 
they are not stated. In addition, as it can be noted from the test results, when heating temperature exceeds 
100°C, although it is satisfactory from the standpoint of characteristics, it becomes very difficult to heat as 
the temperature becomes higher because of large thermal capacity of the panel glass; and in addition, it 
applies thermal stress to antireflective films causing crack generation on the films that is not desirable. 

[Table 3] 

1: example, 2: lubricant, 3: reaction temperature (°C), 4: difficult attachment of dirt of hands, 5: wear 
resistance test, 6: contact angle (deg ), 7: before. 8: after. 9: Drior to ethanol rinse, 10: after ethanol rinse 



1 Deformation is noted on substrate 
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[0034] 

COMPARATIVE EXAMPLES 1 ~ 5 

Comparative example 1 refers to the case when not covering with a coating composition including 
alkoxy silane compound having perfluoro polyether group; and in addition, comparative examples 2-5 
were all done in the same manner as explained in the examples 1-10 except using fluorine compound 
shown in the Table 4 in the place of compounds described in the examples 1-10. Table 4 shows test 
results of these prior to ethanol rinse. As it is clear from these results, characteristic of surface sliding 
property in particular remains poor even before ethanol rinse. 

[Table 4] 

1: lubricant, 2: comparative example, 3: no covering agent, 4: polytetrafluoro ethylene, 5: polyvinylidene 
fluoride, 6: tetrafluoro ethylene-ethylene copolymer, 7: chloro trifluoro ethylene-ethylene copolymer, 8: 
stain resistance, 9: surface sliding property, 10: wear resistance test, 11: difficult attachment of dirt of 
hands, 12:bad, 13: good 
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[Table 5] 

1: comparative example, 2: molecular structure, 3: stain resistance, 4: surface sliding property, 5: wear 
resistance test, 6: difficult attachment of dirt of hands, 7: good 
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[0036] 

In addition, in the case of compound being perfluoro polyether compound as shown in the comparative 
examples 6 ~ 8, as it can be noted from the Table 5, no problems on wear resistance or sliding property and 
the like are noted prior to ethanol rinse. Measured results after ethanol rinse is shown in the Table 6; and 
as it can be noted from these results, compared to those prior to ethanol rinse, significant degradation 
occurs on characteristics such as stain resistance, surface sliding property, and difficult attachment of dirt 
of hands. 

[Table 6] 

1: comparative example, 2: stain resistance, 3: surface sliding property, 4: wear resistance test, 5: difficult 
attachment of dirt of hands, 6: bad 
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[0037] 

[EFFECTS OF-THIS INVENTION] 

This invention's filter for display elements showing antireflection property that is done by first coating 
alkoxy silane compound having perfluoro polyether group on a surface, and drying to cure show following 
features: 

(1) Attachment of dirt caused by finger prints or dirt of hands is difficult as well as not conspicuous. 
These effects are maintained in permanent manner. 

(2) It is possible to easily remove even when fur becomes attached and dried. 

(3) It shows good surface sliding property. 

(4) Soil such as dust is difficult to become attached to show high applicability. 

(5) It shows durability against wear. 
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[0039] 



As explained above, this invention's filter for display elements showing antireflection property shows 
more difficult attachment dirt from hands or fur and the like from those of ordinary antireflective films; 
and stains are not conspicuous. In addition, due to lubrication characteristic of alkoxy silane compound 
having perfluoro polyether group, it shows beneficial points such as easy removal of stains, difficult 
attachment of scratches due to good surface sliding, and durability against wear in addition to said 
performances; and therefore, it is particularly excellent as a filter for CRT. 



Translation requested by: Sarjit Bains, Optical Systems 
Translation by: Mie N. Amtson, 512-331-7167 
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